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GEOLOGY AND HYDROLOGY OF THE PROJECT 
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GARFIELD COUNTY , COLORADO 

by 

Pau l  T .  V o e g e l i ,  S r .  

ABSTRACT 

H y d r o l o g i c  t e s t s  on t h e  R u l i s o n  e x p l o r a t o r y  h o l e  i n d i c a t e d  t h a t  

l i t t l e  o r  no w a t e r  o c c u r s  i n  t h e  Ohio Creek Conglomerate and Mesaverde 

Group which  a r e  t h e  s t r a t i g r a p h i c  u n i t s  most l i k e l y  t o  y i e l d  w a t e r  t o  

t h e  h o l e .  S i x  d e p t h  i n t e r v a l s ,  b e g i n n i n g  a t  6 ,129  f e e t  and e n d i n g  a t  

8 , 0 1 8  f e e t ,  were t e s t e d .  P r e s s u r e s  r e c o r d e d  d u r i n g  t h e  t e s t i n g  of t h e  

i n d i v i d u a l  zones  i n d i c a t e d  l i t t l e  o r  no f l u i d  e n t r y  w h i l e  t h e  t e s t  t o o l  

w a s  open .  



INTRODUCTION 

P r o j e c t  R u l i s o n ,  a P lowshare  P r o j e c t ,  i s  a c o o p e r a t i v e  e f f o r t  of 

t h e  A u s t r a l  O i l  Company, I n c . ,  a s  o p e r a t o r ,  t h e  CER Geonuc lea r  Corpor-  

a t i o n ,  a s  t e c h n i c a l  c o n s u l t a n t ,  t h e  U.S. Atomic Energy Commission, and 

t h e  Los  Alamos S c i e n t i f i c  L a b o r a t o r y .  

The pu rpose  of t h e  p r o j e c t  i s  t o  d e t e r m i n e  t h e  commercial  f e a s i b i l i t y  

o f  n u c l e a r  s t i m u l a t i o n  o f  n a t u r a l - g a s  r e s e r v o i r s .  The expe r imen t  w i l l  

i n c l u d e :  1) t h e  d e t o n a t i o n  of a n u c l e a r  d e v i c e  i n  t h e  Mesaverde Group, 

a n a t u r a l  g a s - f o r m a t i o n  t h a t  i s  n o t  commerc ia l ly  p r o d u c t i v e  w i t h  

p r e s e n t  c o n v e n t i o n a l  methods of g a s - f i e l d  deve lopment ,  and  2 )  e v a l u a t i o n  

o f  t h e  e f f e c t  of t h e  d e t o n a t i o n  on t h e  g a s - p r o d u c i n g  c a p a b i l i t y  of t h e  

f o r  ma t i on.  

The e x p l o r a t o r y  h o l e  ( h o l e  R-EX) was d r i l l e d  t o  o b t a i n  d a t a  t o  be 

used  i n  d e f i n i n g  t h e  c h a r a c t e r i s t i c s  o f  t h e  g a s  r e s e r v o i r  and t h e  

g e o l o g i c  and  h y d r o l o g i c  c o n d i t i o n s  a t  t h e  s i t e .  T h i s  r e p o r t  d e s c r i b e s  

t h e  g e n e r a l  g e o l o g i c  f e a t u r e s  and t h e  h y d r o l o g i c  t e s t i n g  of t h e  e x p l o r -  

a t o r y  h o l e .  

The e x p e r i m e n t a l  s i t e  i s  l o c a t e d  i n  t h e  P i c e a n c e  Creek b a s i n ,  S W t  

s e c .  25,  T .  7 S . ,  R .  95 W . ,  G a r f i e l d  County,  Co lo rado ,  i n  t h e  R u l i s o n  

g a s  f i e l d  ( f i g .  1). 
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FIGURE 1.-Site of the Rulison Experiment, Garfield County, 

Colorado. 3 



GEOLOGIC SETTING 

The P r o j e c t  R u l i s o n  s i t e  i s  on t h e  sou thwes t  l imb of t h e  P i c e a n c e  

Creek  b a s i n ,  a l a r g e  n o r t h w e s t - t r e n d i n g  s t r u c t u r a l  downwarp i n  n o r t h -  

w e s t e r n  Co lo rado .  Beds p e n e t r a t e d  by t h e  h o l e  d i p  n o r t h e a s t w a r d  a t  2 

o r  l e s s .  

0 

The n o r t h e r n  par- t  of t h e  P i c e a n c e  Creek  b a s i n  d r a i n s  t o  t h e  White 

R i v e r ;  t h e  s o u t h e r n  p a r t  of t h e  b a s i n  d r a i n s  t o  t h e  Co lo rado  R i v e r .  The 

R u l i s o n  s i t e  d r a i n s  no r thward  t o  t h e  Co lo rado  R i v e r .  

The r o c k s  u n d e r l y i n g  t h e  R u l i s o n  s i t e  r a n g e  i n  age  f rom Q u a t e r n a r y  

t o  P recambr ian .  Marine and non-marine s e d i m e n t a r y  r o c k s  a p p r o x i m a t e l y  

18,000 f e e t  t h i c k  u n d e r l i e  t h e  s i t e .  Fo rma t ions  below t h e  Mesaverde 

Group of L a t e  C r e t a c e o u s  a g e ,  t h e  d e e p e s t  f o r m a t i o n s  p e n e t r a t e d  by t h e  

e x p l o r a t o r y  h o l e ,  a r e  n o t  d e s c r i b e d  i n  t h i s  r e p o r t .  

The d r i l l i n g  of t h e  e x p l o r a t o r y  h o l e  (R-EX) a t  t h e  R u l i s o n  s i t e  

p e n e t r a t e d  t h e  f o l l o w i n g  f o r m a t i o n s ,  i n  d e s c e n d i n g  o r d e r :  a l l u v i u m ,  

Green River and  Wasatch Forma t ions  of Eocene a g e ,  a n  unnamed u n i t  of 

Pa leocene  age  (p robab ly  c o r r e l a t i v e  w i t h  t h e  F o r t  Union F o r m a t i o n  o f  

t h e  n o r t h e r n  Rocky Mountain r e g i o n ,  a s  d e s c r i b e d  by D o n n e l l ,  1961, 

p .  844) ,  Ohio Creek Conglomerate of P a l e o c e n e ( ? )  a g e ,  and  Mesaverde 

Group of L a t e  C r e t a c e o u s  a g e .  The Mesaverde Group i s  o f  s p e c i a l  

i n t e r e s t ,  because  t h e  n u c l e a r  d e v i c e  w i l l  b e  d e t o n a t e d  w i t h i n  t h i s  

g roup .  The r e s u l t i n g  b l o c k - c a v i n g  o r  c o l l a p s e  a c t i v i t y  w i l l  fo rm a 

chimney. D e s c r i p t i o n s  of t h e  f o r m a t i o n s  i n  t h e  a r e a  of t h e  t e s t  

s i t e  f o l l o w .  
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Quate rna ry  D e p o s i t s  

Q u a t e r n a r y  d e p o s i t s  composed of f i n e - g r a i n e d  t o  b o u l d e r - s i z e  

m a t e r i a l  o v e r l i e  t h e  Green Rive r  Format ion  a t  the  R u l i s o n  s i t e .  The 

d e p o s i t s  occu r  i n  t h e  form of mudflows, t a l u s  a c c u m u l a t i o n s ,  f a n  g r a v e l ,  

slump b l o c k s ,  and t h e  a l l u v i u m  of B a t t l e m e n t  Creek .  Ground w a t e r  o c c u r s  

i n  t h e  more permeable  zones  of  t h e s e  d e p o s i t s .  

Green R i v e r  Forma t ion  

I n  and n e a r  t h e  R u l i s o n  s i t e  t h e  Green R i v e r  Forma t ion  o v e r l i e s  

t h e  Wasatch Forma t ion  and c o n t a i n s  f o u r  members. I n  a s c e n d i n g  o r d e r ,  

t h e  members a r e  Douglas  Creek ,  Garden Gulch ,  P a r a c h u t e  Creek ,  and 

E v a c u a t i o n  Creek .  A t  t h e  R-EX w e l l  s i t e ,  a b o u t  1,700 f e e t  of t h e  

Green R i v e r  Forma t ion  r e s t s  on t h e  Wasatch Forma t ion .  The Green R i v e r  

Forma t ion  i s  composed c h i e f l y  of s h a l e  and m a r l s t o n e .  Sands tone ,  s i l t -  

s t o n e ,  and  l i m e s t o n e  occur  i n  p a r t s  of t h e  f o r m a t i o n .  Sandy zones  

i n  t h e  lower p a r t  o f  t h e  f o r m a t i o n  may be c a p a b l e  of y i e l d i n g  minor  

q u a n t i t i e s  of ground w a t e r .  

Wasatch Forma t ion  

The Wasatch Forma t ion  o v e r l i e s  t h e  unnamed u n i t  o f  Pa leocene  age  

and  c o n s i s t s  p r i n c i p a l l y  of b r i g h t l y - c o l o r e d  c l a y  and s h a l e .  Sands tone  

l e n s e s  a r e  a common f e a t u r e .  L o c a l l y ,  minor  amounts of cong lomera te ,  

pebb ly  s a n d s t o n e ,  l i m e s t o n e ,  c o a l ,  and b l a c k  carbonaceous  s h a l e  occur  

i n  t h e  f o r m a t i o n .  The Wasatch Format ion  i s  a p p r o x i m a t e l y  3,900 f e e t  

t h i c k  a t  t h e  R u l i s o n  s i t e .  The t h i c k n e s s  of t h e  f o r m a t i o n  w i l l  be 

g r e a t e r  t h a n  3,900 f e e t  i f  a t h i c k n e s s  of l e s s  t h a n  500 f e e t  i s  s e l e c t e d  

f o r  t h e  u n d e r l y i n g  unnamed u n i t  of Pa leocene  a g e .  The Wasatch Format ion  

i s  n o t  a s o u r c e  of ground w a t e r  i n  t h e  R u l i s o n  g a s  f i e l d .  
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Unnamed U n i t  of Pa leocene  Age 

The unnamed u n i t  o v e r l y i n g  t h e  Ohio Creek  Conglomerate c o n s i s t s  of 

s a n d s t o n e ,  s h a l e ,  and a few t h i n  c o a l  b e d s .  The t h i c k n e s s  of t h e  u n i t  

i s  p r o b a b l y  l e s s  t h a n  500 f e e t .  

because  t h e  upper  p a r t  g r a d e s  i n t o  t h e  o v e r l y i n g  Wasatch Forma t ion .  

u n i t  i s  n o t  known t o  y i e l d  w a t e r  i n  t h e  R u l i s o n  g a s  f i e l d .  

The upper  boundary h a s  n o t  been  f i x e d ,  

The 

Ohio Creek  Conglomerate 

The Ohio Creek  Conglomera te ,  which s e p a r a t e s  t h e  u n d e r l y i n g  Mesaverde 

Group f rom t h e  o v e r l y i n g  unnamed u n i t  of Pa leocene  a g e ,  i s  a p p r o x i m a t e l y  

37 f e e t  t h i c k  i n  h o l e  R-EX. T h i c k n e s s e s  of a s  much a s  76 f e e t  have  been  

p e n e t r a t e d  i n  d r i l l  h o l e s  i n  o t h e r  p a r t s  of t h e  R u l i s o n  g a s  f i e l d .  

Ohio Creek  Conglomerate c o n s i s t s  p r i m a r i l y  o f  c o n g l o m e r a t e ,  s a n d s t o n e ,  

and s i l t s t o n e .  I n  some of  t h e  g a s  w e l l s  i n  t h e  R u l i s o n  g a s  f i e l d ,  t h e  

Ohio Creek  Conglomera te  h a s  produced  s u f f i c i e n t  w a t e r  t o  p r e v e n t  a i r  

d r i l l i n g  of t h e  f o r m a t i o n ;  i n  o t h e r  w e l l s  t h e r e  was no w a t e r  e n t r y  and 

a i r  d r i l l i n g  was p o s s i b l e .  

The 

Me s a v e r d e  Group 

The Mesaverde Group under t h e  t e s t  s i t e  c o n s i s t s  c h i e f l y  of sand- 

s t o n e  and i n t e r b e d d e d  s h a l e  a p p r o x i m a t e l y  2 ,500  f e e t  t h i c k .  The 

sed imen t s  were d e p o s i t e d  i n  a n e a r - s h o r e  env i ronmen t  t h a t  i n c l u d e d  

m a r i n e ,  f l o o d - p l a i n ,  and c o a s t a l  swamp c o n d i t i o n s ,  which r e s u l t e d  i n  

l a t e r a l  and  v e r t i c a l  d i f f e r e n c e s  i n  l i t h o l o g y .  The s a n d s t o n e  l a y e r s  a r e  

l e n t i c u l a r  and many of them a r e  on t h e  o r d e r  of a few thousand f e e t  

l o n g .  The Mesaverde Group d o e s  n o t  y i e l d  s u b s t a n t i a l  q u a n t i t i e s  of 

w a t e r .  
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HYDROLOGY 

The p r i n c i p a l  s u r f a c e  h y d r o l o g i c  f e a t u r e  of t h e  R u l i s o n  s i t e  i s  

B a t t l e m e n t  Creek ,  a t r i b u t a r y  of t h e  Co lo rado  R i v e r  ( f i g .  2 ) .  B a t t l e -  

ment Creek  c a r r i e s  most of t h e  r u n o f f  t o  t h e  r i v e r ;  some r u n o f f  i s  

d i v e r t e d  f o r  i r r i g a t i o n  u s e ;  and some i n f i l t r a t e s  t h e  s t r e a m  a l l u v i u m  

and t e r r a c e  d e p o s i t s .  

i n  s e v e r a l  p l a c e s  downstream from t h e  R u l i s o n  s i t e .  

g a g i n g  s t a t i o n  on B a t t l e m e n t  Creek  a b o u t  2 %  miles  downstream from t h e  

R u l i s o n  s i t e  was i n  o p e r a t i o n  from October  1956 t o  September 1965. The 

s t a t i o n ' s  s t r e a m  d i s c h a r g e  r e c o r d  from October  1964 t o  September 1965 

i s  shown on t a b l e  1. 

The unde r f low i n  t h e  a l l u v i u m  a p p e a r s  a s  sp r ings  

A G e o l o g i c a l  Survey  

The g round-wa te r  r e s o u r c e s  i n  t h e  R u l i s o n  a r e a  a r e  c o n f i n e d  p r i m a r i l y  

t o  a l l u v i u m  and t e r r a c e  d e p o s i t s .  The u n d e r l y i n g  bedrock  f o r m a t i o n s  a r e  

g e n e r a l l y  impermeable and y i e l d  l i t t l e  o r  no w a t e r .  A small amount of 

w a t e r  was found i n  a n  upper  Mesaverde s a n d s t o n e  l e n s  d u r i n g  t h e  d r i l l i n g  

of h o l e  R-EX. L a t e r  t e s t s  of t h i s  zone and o t h e r  zones  t h o u g h t  t o  

c o n t a i n  w a t e r  i n  t h e  Mesaverde showed no measu rab le  w a t e r  p r o d u c t i o n .  

S e v e r a l  deep  d r i l l  h o l e s  i n  t h e  Ohio Creek  Conglomera te  above t h e  

Mesaverde Group i n  t h e  R u l i s o n  g a s  f i e l d  have  produced  w a t e r ;  t h e  r e -  

mainder  of t h e  deep  h o l e s  i n  t h i s  f o r m a t i o n  have  produced  no w a t e r .  No 

w a t e r  was produced  from t h e  Ohio Creek  Conglomerate i n  h o l e  R-EX. The 

Wasatch Forma t ion  c o n t a i n s  some sandy zones  i n  t h e  midd le  and t h e  upper  

p a r t s  of t h e  f o r m a t i o n ;  however ,  t h e s e  zones  produced  no w a t e r  i n  h o l e  

R-EX. The lower Green R i v e r  Forma t ion  a b o u t  5,000 f e e t  above t h e  

i n t e n d e d  d e p t h  of  emplacement of t h e  n u c l e a r  d e v i c e ,  h a s  some sandy 

zones  t h a t  p roduced  w a t e r  i n  s ! i f f i c i e n t  q u a n t i t i e s  t o  make a i r  d r i l l i n g  

d i f f i c u l t  . 
7 
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A 
T a b l e  1 . - - D i s c h a r g e  r e c o r d  of B a t t l e m e n t  Creek from October  1964 t o  

September 1965. 
BATTLEMENT CREEK BASIN 

9-926. B a t t l e m e n t  Creek  n e a r  Grand V a l l e y ,  Cola .  

L o c a t i o n . - - L a t  39 '26 '10" ,  l o n g  107 '58 '40" ,  i n  NE&E.). s e c . 1 5 ,  T . 7  S., R.95 W . ,  on l e f t  bank 300 f t  d a m s t r e a m  from f o r d ,  411 miles  
u p s t r e a m  from mouth ,  and  5 m i l e s  s o u t h e a s t  o f  Grand V a l l e y .  

D r a i n a g e  a r e a . - - 1 0 . 5  sq m i .  

R e c o r d s  a v a i l a b l e .  - -October  1956 t o  September  1965 ( d i s c o n t i n u e d ) .  

G*--Water-stage r e c o r d e r  and  c o n c r e t e  c o n t r o l .  

Average  d i s c h a r g e . - - 9  y e a r s ,  8.34 c f s  ( 6 , 0 4 0  a c r e - f t  p e r  y e a r ) .  L/ 
Extremes.--Maximum d i s c h a r g e  d u r i n g  y e a r ,  6 3  c f s  J u n e  1 6  ( g a g e  h e i g h t ,  2 .54  f t ) ;  minimum d a i l y ,  1 . 2  c f s  Feb .  12-14 .  

A l t i t u d e  of g a g e  i s  6 ,630  f t  ( f r o m  t o p o g r a p h i c  map) .  

1956-65:  Maximum d i s c h a r g e ,  1 0 2  c f s  J u n e  7 ,  1957 ( g a g e  h e i g h t ,  2 .79  f t ) ;  maximum g a g e  h e i g h t ,  2 .96  f t  May 26 ,  1958 ( b a c k w a t e r  
from d e b r i s ) ;  minimum d i s c h a r g e  n o t  d e t e r m i n e d .  

Remarks . - -Records  good e x c e p t  t h o s e  f o r  p e r i o d s  of  ice e f f e c t  OK n o  g a g e - h e i g h t  r e c o r d ,  which  a r e  p o o r .  S l i g h t  r e g u l a t i o n  by  
B a t t l e m e n t  R e s e r v o i r .  No d i v e r s i o n  above  s t a t i o n .  

R a t i n g  t a b l e ,  e x c e p t  p e r i o d s  of  i c e  e f f e c t  ( g a g e  h e i g h t ,  i n  f e e t ,  
and  d i s c h a r g e ,  i n  c u b i c  f e e t  p e r  second)  

2 
3 
4 
5 

6 
7 
8 
9 

1 0  

11 
12 
1 3  
1 4  
1 5  

16 
1 7  
18 
19  
20 

2 1  
22 
2 3  
24 
25 

26 
27 
28 
29 
30 
31 

T o t a  
Mean 
Ac-f 

- 

- 

- - 

O c t .  
1 2  
1.9 
2 .o 
2.1 
2.3 

2.3 
2.6 
2.8 
2.9 
3.1 

L 3  
* 3.3 

3.3 
3.3 
3.2 

3 .0 
3 .0 
2.9 
2.9 
2.9 

2.9 
2.9 
2.9 
2.9 
2.8 

2.8 
2.8 
2.4 
2.3 
2.4 
2.4 

84.4 
2.72 

167  

Nov . 
2.4 

'* 2.6 
2.4 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.3 

&l 
2.2 
2.4 
2.4 
2.4 

2.4 
2.4 
2.4 
2.6 
2.6 

2&7 
2.6 
2.6 
2.4 
2.6 

2.6 
2.6 
2.4 
2.4 

* 2.4 - - - - - - - -. 
7 2.1 
2 . 4 0  

1 4 3  

D i s c h a r g  
Dec. 

2.4 
2.4 
2.3 
2.3 
2.2 

2.2 
2.2 
2.2 
2.4 
2.4 

2.3 
2.3 
2.2 
2.2 
2.2 

2.4 
2.2 
2 .o 
2.2 
2.2 

2.2 
2.1 
2.7 
3-0 
2.4 

2.1 
2.2 
1.8 
lL6 
1.8 
2.6 

69.7 
2.25 

1 3 8  

1*.4 1 .o 
1 . 6  3.1 
1.8 5 . 7  
1 .9  8 . 2  

i n  c u b i c  f e e t  p e r  SL 

* 1.6 
1.6 
1.6 

1.5 
1.4 

2.1 1 1.4 

2 .0 1 .2 
2.0 I .1.4 

1.9 j f; 
1.9 
1.9 1.4 
1.9 I 1.4 

1.6 
1.6 

1.6 
1-4 
1.6 
1.6 

1 . 9 4  

Ind, w a t e  
Mar.  

1.4 
1.4 
1.4 
1.4 

*1.6 

1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
* 1.6 

1.6 
1.4 
1.4 

1.6 
1.6 
1 .? 
1.6 
1.4 

1.6 
1.7 
1.7 
1.8 
2 .o 
223 

49.8 
1 . 6 1  

99  

2 . 1  
2 . 2  
2 .4  
2 .6  

fear Octo  
Apr.  

2.8 
2.7 
2.1 
1.9 

*1.6 

1.6 
1.7 
1.7 
1.8 
1.7 

1.6 
1.6 
1.6 
1-4 
1.6 

2 .o 
2.3 
2.2 

* 3.1 
4.4 

4.8 
4.6 
4.6 
4.5 
4.4 

4.2 
3.9 
3.6 
4.1 
L7 

---- ----. 
86.8 
2.89 

172  

1 5  
19  
37 
68 

K 1964 t (  

MaY 
10 
13  

* 1 3  
1 3  
1 2  

11 
9.8 
9.8 
8.5 
8-0 

u .2 
1 0  
1 3  
1 4  
1 3  

15 
* 2 0  

27 
29 
27 

30 
32 
30 
26 
2 3  

19 
18 
18 
18 
19 
22  

540.3 
1 7 . 4  

1 , 0 7 0  

ep tember  
June 

25 
25 
25 
28 
29 

3 3  
* 4 3  

48  
48 
48  

47 
5 1  
5 1  
56 
58 

6-1 
6 0  
58 
6 0  
58  

58 
* 5 8  

58 
58 
5 8  

5 4  
47 
4 0  
34 
3 2  

- - - -- - - - - 
l.409 

4 7 . 0  
2 ,790  

265 
J u l y  

20 
2R 
25 
25 
25 

24 
23  
22 
21  
21  

22 
9: 21 

21 
1 9  
19 

18 
1 7  
1 7  
1 7  
1 7  

1 7  
16 
1 5  
1 5  
15 

1 4  
1 3  
1 2  
11 
11 
1 2  

583 
18.8 

1 ,160  

Aug . 
11 

1 2  
11 
11 

* 1-2 

9.8 
9.2 
8.9 
8.5 
8.5 

8.5 
8.2 
8 .O 
8 .O 
7.7 

7.7 
8.0 
A .9 
8.2 
7.7 

7.2 
7.2 
7 .o 
6.7 
6.7 

6.4 
6.4 
652 
6.4 

* 6.7 
6.4 

256.1 
8 . 2 6  

508  

S e p t .  
6.4 
6.2 
6.4 
6.2 
7.2 

7>4 
6.7 
6.7 
6.4 
6.2 

5.7 
5.7 
5.6 
5.4 
5-2 

5.2 
5.7 
7 .o 
6.7 
6.2 

5.7 
6 .O 
5.7 
6 .O 
6 .0 

6 .o 
6.2 
6 .? 
7 .O 
6.4 

- - - - - - - - - 
185.9 

6.20  
369 

C a l e n d a r  y e a r  1964:  Max 6 3  Min - Mean 8 .26  A c - f t  6,000 
Water y e a r  1964-65: Max 6 1  Min 1 . 2  Mean 9.42 A c - f t  6 , 8 1 0  

Peak  d i s c h a r g e  ( b a s e ,  4 0  c f s ) . - - J u n e  1 6  (0600) 6 3  c f s  ( 2 . 5 4  f t ) .  

* D i s c h a r g e  measurement  made on t h i s  d a y .  
N o t e . - - S t a g e - d i s c h a r g e  r e l a t i o n  a f f e c t e d  by ice Ncnr. 4 ,  5 ,  1 2 ,  1 4 - 2 0 ,  2 7 ,  Dec. 7-9 ,  1 4 - 2 0 ,  29-31, J a n .  1, 2 ,  Feb. 10-17 ,  Mar. 18-22 ,  

24-26, Apr.  11-15. 
p e r i o d s ) .  

No g a g e - h e i g h t  r e c o r d  J a n .  2 1  t o  Feb. 5 ,  Mar. 2-17 ( s t a g e - d i s c h a r g e  r e l a t i o n  a f f e c t e d  by  i c e  d u r i n g  p a r t  o f  

L'Cubic f o o t  p e r  second ( c f s )  i s  t h e  r a t e  of d i s c h a r g e  of a s t r e a m  whose c h a n n e l  
i s  1 s q u a r e  f o o t  i n  c r o s s - s e c t i o n a l  a r e a  and whose a v e r a g e  v e l o c i t y  i s  1 f o o t  
p e r  s econd .  

T a b l e  from: Water R e s o u r c e s  Data f o r  Co lo rado ,  P a r t  1, S u r f a c e  Water Records ,  
1965. P r e p a r e d  by Co lo rado  D i s t r i c t  o f f i c e ,  Water  Resources  
D i v i s i o n ,  U . S .  G e o l o g i c a l  Su rvey .  
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Rancher s  on M o r r i s a n i a  Mesa o b t a i n  t h e i r  d o m e s t i c  and l i v e s t o c k  

water from s h a l l o w  w e l l s  i n  a l l u v i u m  and t e r r a c e  d e p o s i t s  o r  from 

c i s t e r n s  and ponds which  o b t a i n  t h e i r  w a t e r  f rom B a t t l e m e n t  Creek  and 

o t h e r  s m a l l  s t r e a m s  and s p r i n g s .  

H y d r o l o g i c  T e s t s  

A l l  zones  i n  h o l e  R-EX below t h e  unnamed u n i t  of Paleocene age t h a t  

y i e l d e d  any  w a t e r  d u r i n g  d r i l l i n g ,  o r  zones  i n t e r p r e t e d  f rom g e o p h y s i c a l  

l o g s  a s  l i k e l y  t o  c o n t a i n  w a t e r  were e v a l u a t e d  by d r i l l - s t e m  t e s t i n g  

t e c h n i q u e s .  The g e n e r a l  p rocedure  fo l lowed  i n  t e s t i n g  was: 

1. P e r f o r a t e  c a s i n g .  

2 .  I n s t a l l  t e s t  t o o l .  

3 .  Swab t e s t  when t o o l  was open. 

4 .  A f t e r  swab t e s t ,  remove t e s t  t o o l .  

5 .  Cement o f f  p e r f o r a t i o n s .  

P r e s s u r e s  r e c o r d e d  d u r i n g  t h e  t e s t i n g  of t h e  d i f f e r e n t  zones  i n d i c a t e  

n e g l i g i b l e  o r  no f l u i d  e n t r y  w h i l e  t h e  t e s t  t o o l  was open.  No f l u i d  

was r e c o v e r e d  on any  o f  t h e  swab t e s t s .  R e s u l t s  o f  t h e  t e s t s  a r e  

summarized i n  t a b l e  2 .  Graphs of t h e  p r e s s u r e s  f rom t h e  t e s t s  a r e  

shown on f i g u r e s  3 and 4 .  Samples o f  t h e  f l u i d  from t h e  t u b i n g  

immedia t e ly  above  t h e  t e s t  t o o l  were c o l l e c t e d  a f t e r  t h e  t e s t  t o o l  

was removed from t h e  h o l e ;  t h e  f l u i d  p r o b a b l y  e n t e r e d  t h e  t u b i n g  a f t e r  

the p a c k e r  was r e l e a s e d .  S p e c t r o g r a p h i c ,  r a d i o c h e m i c a l ,  and  chemica l  

a n a l y s e s  of t h e  f l u i d  r e c o v e r e d  from t h e  h o l e  a s  w e l l  a s  t h e  w a t e r  

( f rom t r i b u t a r y  of B a t t l e m e n t  Creek)  used  i n  h o l e  c o n s t r u c t i o n ,  may 
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Geologic 
format ion 

Ohio Creek Con- 
glomera t e 

Mesaverde Group 

Do 

Do 

Do 

1 i 

Table Z.--Sumary of  hydrologic t es t s  h o l e  R-EX. 

)epth of zon 
:ested below 
.and sur face  

( f t )  

;,129-6,149 

7,312-7,320 

7,598-7 J 604 

8,014-8,018 

Date 
t e s t ed  

L -1 5-68 

4-8-68 

-%6-68 

-4&5-68 

-34-68 

3-28-68 

iasing 
s i z e  
( i n  1 

7z  

2 

do 

do 

do 

do 

'er f o r  - 
L t ions  

i n  t o  
i n  
pe r  f t  

i n  t o  
in 
per  f t  

do 

do 

do 

do 

Type of 
: e s t  t oo l  

M.F.E. lf 

Y.A.S.T.21 

do 

do 

do 

do 

F lu id  en t ry  
during t i m e  

t o o l  was open 

' ressure  c h a r t s  
.ndicated no 
i l u id  en t ry .  

do 

do 

do 

do 

do 

9 Johnston Tes t e r s  Multi-Flow Evaluator.  
Johnston Tes te rs  Fractur ing Acidizing Squeezing Tool.  
F lu id  l i k e l y  t o  have entered the  tubing a f t e r  the  packer was pul led loose .  

Represents d r i l l i n g  water r a t h e r  than formation f l u i d .  

3 0  t tom 
Remarks 

Recovered about 15 ga l lons  
of d r i l l i n g  mud from top 
of t e s t  t o o l .  

Swabbed t o  7 , 0 0 4  f t  below 
land su r face .  No f l u i d  
recovered. Recovered 
about 10  ga l lons  of f l  
from top of t e s t  tool.-  

Swabbed t o  7 , 1 3 4  f t  below 
land su r face .  No f l u i d  
recovered. Recovered 
about 2 4 0  ga l lons  of f l u i d  

!!id 

from top of t e s t  tool.-  3 1  

Swabbed t o  7 , 2 5 0  f t  below 
land su r face .  N o  f l u i d  
recovered.  Recovered 
about 15 ga l lons  of f l u ' d  
from top of t e s t  tool . -  37 

from top of t e s t  tool.-  37 

from top  of t e s t  tool.-  37 

Swabbed t o  7 , 5 4 4  f t  below 
land su r face .  No f l u i d  
recovered. Recovered 
about 20 ga l lons  of f l u ' d  

Swabbed t o  7 , 9 2 9  f t  below 
land su r face .  No f l u i d  
recovered.  Recovered 
about 3 0  ga l lons  of f l u ' d  

1 
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DEPARTMENT OF THE INTERIOR 
UNITED STATES GEOLOGICAL SURVEY 

USGS-474-16  
(Ru 1 i son- 1) 

Z 2 8  8 8 
O D 0  6 Y I t "  rn 

TIME 0 

preparation of this illustration authorized b, the 
Austral 011 Company Ine 

TIME 0 

FIGURE 3:Grophs of pressures obtained during the drill-stem 
tests of zones 6,129-6,149; 7,066-7,080, and 7,196-1198 feet, R-EX. 
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DEPARTMENT OF THE INTERIOR 
UNITED STATES GEOLOGICAL SURVEY 

IJSGS-474-16 
(Ru l  i son- 1) 

TIME 

- 

0 

m 
8 2  00 
5 :  r. n m  - 

L HYDROSTAT 

ZONE TESTED \ ' I / /  
8,014-8,018 FEET BELOW LAND SURFACE \ 51. 26) / 

/ /, A II I / 
\ .  1 HOUR \+/I I - -  

nxe - HSS g 8 2 me use of Johnston Tester< pressure logs In f the preparation of thia illustration authorized by 
the A u a t d  Oil Company, h e  

0 0  0 

@ FIGURE 4.- Graphs of pressures obtained during the drilkstem 
tests of zones 7,312-p20;/598-7,604i and 8,014-8,018 feet, R-EX. 



be found i n  t a b l e s  3 and 4 .  The chemica l  c h a r a c t e r  of t h e  f l u i d  i n  

c o n j u n c t i o n  w i t h  t h e  s m a l l  amount r e c o v e r e d  i n d i c a t e s  t h a t  t h e  samples  

c o n s i s t  p r i m a r i l y  o f  d r i l l i n g  f l u i d  r a t h e r  t h a n  f o r m a t i o n  w a t e r .  T h i s  

i s  bo rne  o u t  by t h e  pH v a l u e s  between 1 1 . 7  and 1 2 . 1  and h i g h  c a l c i u m  

i o n  c o n c e n t r a t i o n s  i n d i c a t i n g  a t  l e a s t  p a r t i a l  c o n t a m i n a t i o n  by t h e  

cemen t ing  o p e r a t i o n .  The comple te  absence  of f o r m a t i o n  w a t e r  canno t  

be r u l e d  o u t  a s  a t t e s t e d  t o  by r e g u l a r  v a r i a t i o n s  i n  o t h e r  i o n s  such  

a s  t h e  c a r b o n a t e ,  s u l f a t e ,  c h l o r i d e ,  and sodium. The t r i t i u m  c o n t e n t  

of t h e  f l u i d  i n d i c a t e s  t h a t  i t  was d e r i v e d  from o r  c o n t a m i n a t e d  by a 

s u r f a c e  s o u r c e  r a t h e r  t h a n  from f o r m a t i o n  w a t e r .  

CON CLU SI ON S 

A l l  zones  i n  h o l e  R-EX below t h e  unnamed u n i t  of Pa leocene  age  

t h a t  y i e l d e d  any  w a t e r  d u r i n g  d r i l l i n g  o r  zones  i n t e r p r e t e d  from geo- 

p h y s i c a l  l o g s  a s  l i k e l y  t o  c o n t a i n  w a t e r  were t e s t e d .  The p r e s s u r e s  

r e c o r d e d  d u r i n g  t h e  d r i l l - s t e m  t e s t s  of t h e  d i f f e r e n t  zones  i n d i c a t e d  

n e g l i g i b l e  o r  no f l u i d  e n t r y  t o  t h e  h o l e .  N o  f l u i d  was r e c o v e r e d  on any  

o f  t h e  swab t e s t s  per formed d u r i n g  t h e  d r i l l - s t e m  t e s t s .  The chemica l  

c h a r a c t e r  of t h e  f l u i d  c o l l e c t e d  from t h e  t u b i n g  immedia t e ly  above  t h e  

t e s t  t o o l  a f t e r  each  t e s t  i n d i c a t e d  t h a t  t h e  f l u i d  c o n s i s t e d  p r i m a r i l y  

of d r i l l i n g  f l u i d  r a t h e r  t h a n  f o r m a t i o n  w a t e r ,  s u g g e s t i n g  t h a t  l i t t l e  

mob i l e  w a t e r  o c c u r s  i n  t h e  zones  t e s t e d .  
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Table 3.--Spectrographic and radiochemical analyses  of f l u i d s  recovered from tubing 
above t e s t  t o o l  a f t e r  d r i l l - s t e m  t e s t s ,  and of surface water used i n  
hole construct ion,  R-EX. 

Uranium-Extractable <.1 <.1 <.1 
Gross beta ( a s  Srs"-f9 

Gross alpha (as  U 

Tr i t ium,  t r i t i u m  u n i t s  <170 620 410 

70 57 62 P C / l )  

equ iva l e n t  ) C . 4  9 .8  < .4 

(Analyses by U.S. Geological Survey. Date below sample number i s  da t e  of co l l ec t ion .  
Unless otherwise noted, data  a r e  i n  micrograms per l i t e r , )  

<.1 < .4 -- 
57 2 8  -- 

6.4 < .4 -- 
240 460 < 350 

Spectrographic ana l y s e s  

Element 

Aluminum ( A l )  
Barium (Ba) 
Beryllium (Be) 
Bismuth (Bi) 
Boron (B) 
Cadmium (Cd) 
Chromium ( C r )  
Cobalt  (Co) 
Copper (Cu) 
Gallium (Ga) 
Germanium (Ge) 
I r o n  (Fe) 
Lanthanum (La) 
Lead (Pb) 
Molybdenum (Mo) 
Nickel (Ni) 
S i l v e r  (Ag) 
Strontium (Sr) 
Tin  (Sn) 
Titanium (Ti) 
Vanadium (V) 
Y t t e r b i u m  (Yb) 
Yttrium ( Y )  
Zinc (zn) 
Zirconium (Zr) 

(1) 
3-28-68 

-- 
72 0 

< 18 

<90 
1 

<2 
90 

< l o  
< 12 

3 
<2 

70 
10  
1 7  

<20 
.6  

1 
C . 1  
C . 1  

< .4 

-- 

L/11 , 000 

- -  

-- 
<2 

( 2 )  
4-4-68 

- -  
590 

< 14 

< 70 
4 

<2 
850 
< 7  

< 10 
170 
< 2  

110 
6 
2 

< 15 
1 

<1 
< . 1  
<.1 

C . 3  

-- 

1/22,000 

-- 

- -  
< 2  

(3 1 
4-5-68 

-- 
390 

< 1 7  

< 85 
2 

< 2  
1,100 

< 10 
<12 
550 
<2 

r'35 , 000 
120 

13 

< .4 

-- 

.7 -- 
<20 

5 
<1 
<.1 
<.1 -- 

<2 

(4 1 
4-6-68 

-- 
64 0 

<20 

<95 
<1 
< 2  
7s 

< l o  
< 13 

10 
<2 

L/40 , 000 
60 
3 

< .4 

-- 

. 9  -- 
<20 

<1 
.4 

C . 1  
<.1 -- 

<2 

(5) 
4-9-68 

(6) 
12-24-67 

65 
50 
C . 2  

<3 
70 

< 15 
1 

<2 
1 

<2 
<2 
90 

<2 
2 

<2 
c . 2  

2 00 
<3  

2 
3 

-- 

-- 
-- 

< l o  
ND 



Table 4.--Analyses of f l u i d s  recovered from tubing above t e s t  t oo l  e f t c r  d r i l l - s t em 
tests, and of surface water used  in hole  construction, R-EX. 

1 (Analyses by U.S .  Geological Survey. Date b e l o w  sample number i s  da te  of co l l ec t ion .  
Unless otherwise noted, data a r e  i n  mill igrams per l i t e r . )  

S i l i c a  (Sio, ) 
Aluminum (Al) 
I ron  (Fe) 
Manganese (Mn) 
Strontium (Sr) 
Calcium (ca) 
Magnesium (Mg) 
Sodium (Na) 
Potassium (K)  
Lithium (Li) 
Carbonate (C% ) 
Chloride (Cl) 
Copper (Cu) 
Fluoride (F) 
Hydroxide (OH) 
N i t r a t e  (NO ) 
Phosphate (3PQ ) 

c Selenium ( s e )  
Sul fa t e  (SQ) 
Zinc (zn) 
Boron (B) 
Dissolved s o l i d s  

Res. on evap. a t  18OoC 
Calculated 

Hardness a s  CaC9 
Tota l  
Non-carbona t e  

Spec i f ic  conductance 
bmhos/cm a t  25OC) 

PH 
Percent  sodium 
Sod ium- ad sorp t ion r a  t i o  

(SARI 

(1) 
3-28-68 

8 .0  
2 . 9  

.05 
<.01 
3.9 

<.1 
23 7 

223 
80 

181 
54 

.20 

. l l  
1.4 

1.8 
.o  
.06 

.57 

.72 

180 

196 

1 , 550 
1,170 

597 
0 

3,880 
11.9 
41  

4 . 0  

(2) 
4-4-68 

2 .6  
1 .8  

.14 
- 0 1  

3.0 

<.1 
2 54 

109 
67 

164 
40 

.19 

1.4 
3.2 

1.3 
.o 
.05 

14 1 

116 
1 . 2  

.53 

1,220 
901 

638 
0 

2,900 
11.8 
25 

1 . 9  

(3) 
4-5-68 

0.4 
1.8 

.10 

.01 
3.9 

316 
< .1  

114 
79 

132 
20 

.23 

1 .0  
3.7 

1.1 
.o 
.08 

245 

112 
1.9 

.48 

1,340 
1,030 

794 
0 

4 , 080 
12.0 
22 

1.8 

(4 1 
4-6-68 

2.0 
1 .5  

.02 

. 01 
2 .9  

3 75 
< . 1  

125 
70 

108 
2 0  

.21 

.16 
2.3 

.6 

.o 

.07 

334 

118 
1.4 

.39 

1,400 
1,160 

94 0 
0 

4 , 950 
1 2 . 1  
2 1  

1.8 

(5) 
4-9-68 

5.2 
. 7  
.17 

C.01 
.93 

.1 
1 7 2  

29 
1 7  

32 
.03 

6 .0  

1.1 

1 . 7  
.o 
. O l  

. 1 2  

.08 

.02 

125 

4 1  

498 
431 

431 
10 

1 , 940 
11.7 
12 

.6 

(6) 
12-24- 68 

25 
<.1 

.02 
< .01  

.22 
33 

6.4 
14 

1 .0  
< .01  
0 

.8  

. O l  

.3  

.o  

. 00 

-- 

-- 
8.0 
<.01 

.05 

157 
167 

109 
0 

263 

22 
7.5 

.6 

Less than f igure  shown. - -  Not determined. 
1. Zone t e s t ed ,  8,014-8,018 f e e t  below land sur face ,  i n  Mesaverde Group. 
2. Zone t e s t ed ,  7,598-7,604 f e e t  below land sur face ,  i n  Mesaverde Group. 
3. Zone t e s t ed ,  7,312-7,320 f e e t  below land sur face ,  i n  Mesaverde Group. 

j 4. Zone t e s t ed ,  7,196-7,198 f e e t  below land sur face ,  i n  Mesaverde Group. 
5. Zone t e s t ed ,  7,066-7,080 f e e t  below land sur face ,  i n  Mesaverde Group. 
6. Stream ( t r i b u t a r y  t o  Battlement Creek; SWmkSWk sec. 25, T. 7 S., R. 95 W., Garf ie ld  A Co., Colo.). Source of water fo r  w e l l  cons t ruc t ion .  

16 



REFERENCE CITED 

D o n n e l l ,  J .  R . ,  1961, T e r t i a r y  geology and o i l - s h a l e  r e s m r c e s  of t h e  

P iceance  Creek b a s i n  b e t y e e n  t h e  Co lo rado  and White  Rivers, n o r t h -  

w e s t e r n  Colorado:  U . S .  Geo l .  Survey B u l l .  1082-L, p .  835-891. 

r 

1 7  


	Geology and Hydrology of the Project Rulison Exploratory Hole, Garfield County, Colorado

	Contents

	Abstract

	Introduction

	Geologic Setting

	Hydrology

	Conclusions

	Reference Cited
 

	Illustrations

	Figure 1. Site of the Rulison Experiment, Garfield County, Colorado

	Figure 2. Hydrologic and other features upstream from the former U.S. Geological Survey gaging station, Battlement Creek

	Figure 3. Graphs of pressures obtained during the drill-stem tests of zones 6,129-6,149; 
7,006-7,080; and 7,196-7,198 feet, R-EX
	Figure 4. Graphs of pressures obtained during the drill-stem tests of zones 7,312-7,320; 7,598-7,604; and 8,014-8,018 feet, R-EX


	Tables

	Table 1. Discharge record of Battlement Creek from October 1964 to September 1965

	Table 2. Summary of hydrologic tests, hole R-EX

	Table 3. Spectrographic and radiochemical analysis of fluids recovered from tubing above test tool after drill-stem tests and of
surface water used in hole construction, R-EX 
	Table 4. Analyses of fluids recovered from tubing above test tool after drill-stem tests, and of surface water used in hole construction, R-EX





